Structural requirements for anthracycline-induced cardiotoxicity and antitumor effects.
By employing rat cardiac myocytes in culture and mouse L-1210 leukemia cells, we have compared different anthracycline analogs with respect to their ability to kill cardiac myocytes and tumor cells. Anthracyclines induced a decrease in cellular ATP and glutathione from both cardiac myocytes and L-1210 cells in a time- and concentration-dependent fashion. Moreover, the decrease in ATP in cardiac myocytes was followed by release of the cytoplasmic enzyme lactic acid dehydrogenase and of adenine nucleotides after anthracycline treatment. At very low concentrations of anthracyclines, at which ATP and glutathione were not affected, the drugs induced complete cessation of the growth of L-1210 cells. Some structural alterations in the anthracycline molecule resulted in parallel changes in antitumor activity and in cardiotoxicity. But other structural alterations resulted in dissimilar changes in antitumor activity and cardiotoxicity. Although the results indicate that the structural requirements for inducing cardiotoxicity and antitumor activity may be different, they also indicate that the mechanisms by which anthracycline causes cell death in tumor cells and cardiac myocytes may be the same.